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Description 

Field of the invention 

The present invention is in the field of medical 
magnetic resonance imaging and relates to cathe- 
ter apparatus for use with magnetic resonance 
imaging. 

Background of the invention 

Catherization procedures have been refined for 
a variety of in vivo sensing techniques. In con- 
junction with imaging means, catheter apparatus 
may be precisely located to accomplish the 
special procedure for which the catheter Is to be 
employed. 

In nuclear magnetic resonance (NMR) imaging, 
the spatial density distribution of coherent 
nuclear magnetization (usually that of hydrogen 
nuclei) is mapped and the sensitivity of the 
scanning apparatus to hydrogenous materials 
forms the basis for recording the progress of the 
catheter if the latter is substantially more visible 
in the imaging apparatus than its surroundings. If 
the structural portions of the catheter are simply 
more hydrogenous than the tissue surrounding, 
the catheter is detectable but a limit is placed on 
the available contrast. Additionally, tissue in the 
near environs of the catheter may be obscured. 
Moreover, most catheters comprise functional 
elements such as light pipes, cutting devices, 
electrode wires and the lilce contained within a 
semi-rigid sheath made of materials chemically 
inert to body fluids. These functional elements 
tend to degrade the magnetic resonance imaging 
and cause a loss of resolution which in turn 
renders more uncertain the critical location of the 
catheter terminus. 

US — A— 4173228 discloses a catheter having a 
system for detecting the position of the catheter 
tip which includes a coil at the catheter tip and a 
two conductor cable extending from the coil 
along the length of the catheter. 

The present invention provides a magnetic 
resonance imaging system as set out in Claim 1. 
According to another aspect, the invention pro- 
vides a method of investigating the spatial rela- 
tionship of a catheter within a body as set out in 
Claim 3. 

An example of the invention will now be 
described with reference to the accompanying 
drawings in which: 

Fig. 1 is a block diagram of a system according 
to the present invention. 

Fig. 2A is a longitudinal section of a portion of 
the catheter of the present invention. 

Fig. 2B is a transverse section of a portion of the 
catheter near the tip thereof. 

Fig, 3 is a schematic picture of the field of the 
NMR catheter in use. 

Fig, 1 is a block diagram of the present inven- 
tion.- Imaging apparatus 10 is any one of a number 
of magnetic resonance imaging systems. 

Such systems exhibit a two, or three dimen- 
sional spatial sensitivity to the distribution of a 
specified magnetic moment. The specific system 



is not critical: it is only essential that an image is 
formed of the region of interest. Imaging 
apparatus 10 comprises a magnet system 12 for 
imposing a magnetic field distribution H (x, y, z, t) 

5 on subject 14 and a rotating magnetic field 
obtained from RF energy source 16 through RF 
coil structures 18. Receiver 20 responds to the 
resonance signal and image processor 22 recon- 
stitutes a spatial function f (x, y, z) from which a 

ro desired projection, e.g., fz (x, y) is graphically 
realized by display device 24. A catheter 26 of the 
present invention together with catheter control 
28 is more fully discussed below. 
Turning now to Figs. 2 there Is shown a iongi- 

75 tudinal section of the portion of a catheter struc- 
ture. The sheath 30 is preferably constructed of a 
reinforced fluoroplastic characterized by good 
insulating and dielectric properties and a rela- 
tively low magnetic susceptibility. One material 

20 appropriate for the purpose is Teflon or Keif. 

The sheath 30 has embedded within the wall 
thereof a pair of conductors 32 and 32'. These are 
preferably formed of a foil composite obtained by 
plating or other deposition technique of conduc- 

26 tive materials of selected magnetic susceptibility 
to yield a composite of desired susceptibility 
substantially matching that of the sheath. Tech- 
niques for matching susceptibility are discussed 
in US— A-— 4549136. In this way the magnetic 

30 invisibility of the catheter is maintained. 

The foil conductors are separated by a distance 
which is short compared to the other dimensions 
of the conductors and forms a strip line. Pulse 
propagation over a strip is substantially confined 

35 to the region bounded thereby and the stray fields 
external to this region effectively cancel. 

The tip 34 of the catheter contains a loop 36 
connecting the conductors 32 and 32'. The plane 
of the loop is preferably transverse to the catheter 

40 symmetry axis 37. When excited by a weak pulse 
source, the loop supports a dipole magnetic field 
40 as in Fig. 3 which locally distorts the NMR 
image providing an image cursor on the magnetic 
resonance imaging display. It is preferable to 

45 utilize a weak excitation in order that the cursor is 
minimal in spatial extent. 

The principal purpose of the invention is the 
accurate location and monitoring of the catheter 
tip. A low magnetic susceptibility functional 

50 element, light pipe or the like, is threaded into the 
catheter sheath and the catheter is directed 
through the selected blood vessels toward the 
situs of investigation. During this positioning 
operation, the excitation of the catheter loop is 

55 alternately on and off during sequentially adja- 
cent NMR image acquisitions. This is accom- 
plished by catheter controller 28. The image 
acquisition occupies an interval of the order of a 
few seconds and pairs of consecutive images are 

60 preferably compared in a subtractive mode by 
processor 22 to emphasize the location of the 
catheter tip. Synchronization of the catheter con- 
troller 26 and processor 22 is straightforward. 
Preferably, processor 22 provides a signal concur- 

66 rent with alternate consecutive images to activate 
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the weak magnetic field 40 at the catheter tip. The 
subtractive mode image information defines an 
image cursor which is preferably superimposed 
on the additive display of the same images or even 
of the most recent single image. Having thus 
positioned the catheter tip, the low susceptibility 
functional element may be removed and the 
desired elements inserted in the catheter sheath. It 
is assumed that such other elements are conduc- 
tive or exhibit a high magnetic susceptibility which 
would otherwise adversely affect the NMR Image 
during the positioning steps of the operation. 

The use of the pulsing field from the catheter tip 
can be speeded up by limiting the calculation of 
the image to a limited number of pixels in the 
immediate area of the catheter tip. This technique 
is preferably coupled with a suitable algorithm to 
keep this "zoomed" image centered on the tip of 
the catheter. A CRT display then provides a quasi-, 
real time picture of the catheter moving through 
the body. In a preferred display mode, the operator 
sees the tip of the catheter as a flashing intensity or 
contrasting color which can be controlled by the 
gray, or color scale. selected to maximize the 
resolution of the NMR signals in the region of the 
pixels displayed. 

Claims 

1. A magnetic resonance imaging system for 
obtaining the spatial distribution of a selected 
magnetic parameter characterizing tissue con- 
stituents of a subject comprising a catheter (26) for 
insertion into said subject, said catheter (26) 
comprising means for controllably disturbing the 
magnetic field in the vicinity of a local portion of 
said catheter and thereby interacting with the 
remainder of said magnetic resonance imaging 
system. 

2. A system as claimed in Claim 1, said catheter 
(26) comprising: 

a hollow sheath (30) comprising a flexible 
elongate insulator, 

said means for controllably disturbing compris- 
ing a pair of conductive strips (32, 32') imbedded in 
said insulator and extending substantially the 
length thereof, the system further comprising 

conductive loop means (36) imbedded in said 
sheath (30) and disposed proximate to one end 
thereof, said loop (36) mutually connecting said 
conductive strips (32, 32'), and excitation means 
(28) for applying a selectable current through said 
conducting strips and thence through said loop 
(36) whereby a controllable dipole magnetic field 
is achieved in the vicinity thereof. 

3. A method of investigating the spatial relation- 
ship of a catheter within a body to organs within 
said body comprising: 

exciting a weak magnetic field at the terminus of 
said catheter, and 

forming a magnetic resonance image of said 
volume whereby said magnetic resonance image 
is locally perturbed in the neighbourhood of said 
weak magnetic field and the location of said 
catheter in relation to said organs is determined. 



Patentanspruche 

1. Aniage zur Abbilden der magnetischen Reso- 
nanz zum Erhalten der raumiichen Verteilung 

5 eines ausgewahlten magnetischen Parameters, 
welcher Gewebebestandteile eines Subjektes cha- 
rackterisiert, mit einem Katheter (26) zum Einfuh- 
ren in dieses Subjekt, wobei der Katheter Mittel 
zum steuerbaren Storen des magnetischen Feldes 

10 in der Nahe eines ortllchen Bereiches des Kathe- 
ters aufweist, und sich dabei mit dem Rest der 
Aniage zum Abbilden der magnetischen Resonanz 
gegenseitig beeinflusst. 

2. Aniage nach Anspruch 1, dadurch gekenn- 
15 zeichnet dass der Katheter eine ausgehdhlte 

Umhullung (30) mit einem nachgiebigen verlan- 
gerten Isolator umfasst, dass die Mittel zum steu- 
erbaren Storen ein Paar leitende Streifen (32, 32') 
aufweisen, die tm isolator eingebettet sind und 

20 sich im wesentlichen uber seine ganze Lange 
erstrecken, dass im weiteren leitende Schleifen- 
mittel (36) vorhanden und in der Nahe des einen 
Endes in die genannte Umhullung eingebettet 
sind, wobei die Schleife (36) beidseitig mit den 

25 leitenden Streifen (32, 32') verbunden ist, und dass 
Erregungsmittel (28) zum Aniegen eines auswahl- 
baren Stromes an die leitenden Streifen und an die 
genannte Schleife (36), wobei ein steuerbares 
zweipoliges magnetisches Feld erhalten wird, vor- 

30 handen sind. 

3. Verfahren zum Untersuchen der raumiichen 
Beziehung eines Katheters innerhalb eines Kor- 
pers zu Organen innerhalb des Korpers, gekenn- 
zeichnet durch das Erregen eines schwachen 

35 Magnetfeldes am Ende des Katheters und das 
Bilden einer Abbildung der magnetischen Reso- 
nanz dieses Kdrpers, wobei die magnetische 
Resonanzabbildung 6rtlich in der Nachbarschaft 
des schwachen Magnetfeldes gestort, und die 

40 Stellung des Katheters in Bezug zu den Organen 
bestimmt wird. 

Revendications 

45 1 . Un syst^me d'image h resonance magn^tique 
pour obtenir la distribution spatiale d'un param^- 
tre magn^tique s§lectionn§ caractSrisant les cons- 
tituents d'un tissu d'un sujet comprenant un 
catheter (26) pour gtre introduit dans ledit sujet, 

50 ledit catheter (26) comprenant des moyens pour 
dSranger de fagon contrdlable le champ magnSti- 
que dans le vosinage d'une portion locale dudit 
catheter et, de ce fait, pour interagir avec le reste 
dudit systdme d'image h resonance 

55 magndtique. 

2. Un systSme selon la revendication 1, ledit 
cath6ter (26) comprenant un manchon creux (30) 
comprenant un isolateur flexible dllong6, lesdits 
moyens pour d6ranger de fagon contrdlable com- 

60 prenant une paire de pistes conductives (32, 32') 
encastr^es dans ledit isolateur et s'6tendant subs- 
tantiellement sur sa longueur, le systdme compre- 
nant ensuite des moyens de boucle conductrice 
(36) encastrSs dans ledit manchon (30) et disposes 

65 h proximit6 d'une de ses extr§mit§s, ladite boucle 
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(36) connectant ensemble lesdites pistes conduc- 
tives (32, 32'), et des moyens d'excitation (28) 
pour appliquer un courant d§termind d travers 
lesdites pistes conductrices et, par consequent, k 
travers ladite boucle (36) par quoi un champ 
magnStique bipolaire contrdlable est obtenu dans 
son voisinage. 

3. Une mdthode d'examen de la relation spa- 
tiale d'un catheter h rintdrieur d'un corps ou d'un 



organe h I'intSrleur dudit corps consistent ^ exci- 
ter un faible champ magn6tique h rextr6mit6 
dudit catheter et h former une image h resonance 
magndtique dudit corps, par quoi ladite image h 
6 resonance magn6tique est localement perturb6e 
dans le voisinage dudit faible champ magn^tique 
et la localisation dudit catheter par rapport audit 
organe est effectu6e. 

10 
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